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SUMMARY 



Boaring tpsts of AM-3S , A1I-52S , and AM-C57S rnagnesiura 
alloy short in various t h i c kn^^^ s s ^ s and toiapers w^re made • 
Bearing yi.^ld and ultii.:ate strengths w^re determined and 
coiiipared for various edge distances and for various ratios 
of loading— pin dia:--ter to she^t thickn'^ss. Tensi-le 
strengths were deterifiined and ratios of averag'^^ hearing 
yield and ultiiaate strength to tensile strength are given. 

The results of the tests indicated that ultimate 
hearing strengths increased with edge distances up to 1,5 
to 2 tim^s th--^ diameter of th^-^ loading pin; that ultiaiate 
hearing strengths pre a function of ratio of pin diameter 
to sheet thickn-^ss; that hearing yield strengths generally 
ar-- not sensitive to ratios of pin dia rie ter to sheet 
thickness; and that thes^ properties are effected only 
slightly hy increases in edgo distance greater than 1,5 
d i ar.'-^ t e r & . 



INTRODUCTION 



The increasing use of inagnesiuia alloys in aircraft 
construction has pnpha.sized the n^^d for more complete in- 
formation regarding thr^ mechanical properties of these 
materials. Th-^ object of this investigation was to deter- 
minp th*^ hearing yield" and ultimate strengths of several 
of th- mor'^ common magnesiuiii alloys and to establish, as 
far as possihl'-, ratios of hearing values to tensil.'^ 
strengths which may he used as a basis for design. This 
report includes, in addition to data on bearing strengths, 
th.^- t^nsil^-^' properti^^s of thn- alloys investigated and somie 
data on compressive and shear strengths. 
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.MATERIAL 
(See appendix A, p. 13) 

Trsts vere made of three uagn-"- s iuiii alloys in th^^ form 
of sheet AlI-^'^S , AH-52S , and AH-C57S. All alloys were fur- 
nishpd in -0 and -H teupers in a noninal thickness of 0.064 
inch, and in t^-^up^-^rs ("betwe.-n —0 and —H) in thicknesses 
of 0.125 inch nnd 0.250 inch. 

Ta"ble I giv<^s th'^ D-^chanical prop-Arties of the uate — 
rials us^d. (Sr-r, rpfercnces 1 and 2.) Although not in- 
cluded here, stress-strain data were o"bt?in^d in tension 
for all th^ 0.064— inch sheet and in compression for all 
thr-'^-^-^ thickness'^s of sheet us--d. Thes- ine a sur '-^ n t s indi — 
cat-^'d an initial linear stress-strain relationship in all 
caS'-^s. Under sOi-ie conditions of cold work on i/iagn^siuu 
alloys, this type of stress-strain relation is not ot^t-^ined. 
( S o o r r- f r - r e n c e 3 . ) 

It v/ill "be noted in tatle I that the tensile strengths 
and (Elongations obtained nori.ial to, th^- direction of rolling 
were sliv^htly higher in most c s s than those parall-^l to 
the direction of rolling — a condition contrary to that 
g<^nerally found in a lui-iinUi/i— a 1 1 oy sheet. The conpressive 
yi'-^ld strr-ngths were all "below the corresponding tensile 
yield strengths, th^ differ-nces in soae cases "being as 
::iuch as 40 perc-^nt. The shear strengths obtained "by punch- 
ing tests av<^rag-d slightly over 50 perc^-^nt of the tensile 
s t m ngt hs . 

The tnnsil^ pr op^*^ r t i --^ s of th'^- —0 and — H ter/ipers giv'^^n 
in tacle I compare q^uite favoratly with the typical valu'^s 
given in t»lle 3 of rrferenc'^ 4. Th^r.? are no typical 
pr op.-^r t i r- s published for th^ — R t^i^per, but it is stated 
on page 16 of rofer^nce 4 that the properties of this temper 
are between thos--^ of the —0 and — H teinpers. This was found 
to be substantially tru^ in thf-- case of th^ properties 
p^^rallel to th^- direction of r oil ing but . a number of ex- 
ceptions w^re found in the case of the properties in the 
opposite dir^^ction. Th^ tensile yi-^ld and ultimate strengths 
of the 0.125-inch ^.nd 0.250-inch Aii-3S sheet in the -R 
t'-^mper, nor..ial to th-^- direction of rolling, were higher 
than thos'^- found for th-^ 0.064-inch sheet of this alloy in 
the -H temper. The corresponding properties of the 0.250— 
inch AH-52S sheet in th<^' — R temper, on th-^ other hand, 
were slightly less than thos*^ found for the 0.064— inch 
shept of this alloy in the —0 te:.:per. It appears from 
th'^S'A c ompar i s ons ■ t hat the ma t ''■^r i a 1? s upp 1 i e d in the — E 
temper w^rp not all representative of commercial sheet. 
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TT.ST PROCEDURE 



The "bearing t-sts wore mado , as shown in figuro 1, 
with the 40 , OGO-po-and cn.pacity Amsler testing machine. 
One seri'-^s of specimens was composed of strips S|- inches 
wide loaded through a steol pin \j 2 inch in diameter, 
anri th'-^ other was composed of strips 2 inches wide loaded 
through a steel pin l/4 inch in diameter. All specimens 
were originally atout 30 inches long, cut parallel to the 
direction of rolling. Duplicate specimens were provided 
for all tests with the 1/2— inch pin, except in the case 
of the 0,250— inch sheet in v/hich three specimens were 
used; while triplicate specimens w^^re provided in most 
cases for th-- tests with the l/4— inch pin. 3dge distances 
that is, thn distances from the center of the hol~ to the 
edge of the test strip in the direction of loading — were 
varied on each specimen; distances of 1, 1,5, 2, 3, and 4 
times the pin diam^:^^ter D were used in the t s t s with 
the 1/2-inch pin and distances of 1»5, 2, and 4 times the 
pin diam^-^ter were used with the l/4~inch pin. The holes 
in the specimens were drilled and reamed to provide a 
close fit on the pins, A complete set of edge distances, 
covering the entire range investigated, was obtained on 
each specimen by shearing or sawing off the damaged end 
after one test (about 3/4 in. below the center of the 
old hole) and redrilling at a new edge distance for t hp 
next test. Auxiliary tnsts, in v/hich the procedure was 
repeated several times with the same edge distance, in.di- 
cated that tho small amount of tensile strain produced in 
the portion of the specimens below the pin in the first 
loading had no significant effect upon th^ results of sub- 
sequent tests. In most of the cases involving de t.e r'm inrr— 
tions of bearing yi^-^ld strength, the average tensile 
stresses dev^lop-d range from, about 6000 to 10,000 pounds 
per square inch, or only one— eighth the corresponding 
ultimate bearing strengths. 

The data on bearing stress and hole deformation, from^ 
which y i e 1 d— s t r engt h values were determined, were obtained 
by measuring th^ r^l^jtive movement of the pin and the 
. shept on the under side of the pin by means of a filar 
m.icrometer microscope reading directly to 0.01 millimeter 
and by e s t ima t i on " t 0 0.002 millimeter. The under side of 
the pin projecting from the sheet on the microscope side 
was flattened slightly to provide a shoulder in the plane 
of the. sheet on which one of th^ reference points for the 
microscope readings could be located. The edge of the 
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h'jln provided the reference point on the sheet. Figur*^ 1 
shows the setup used. Hole-def or :..at i on i/.e asur e ue nt s were 
oiac'e on all the specimens tester' with the l/4~inch pin and 
on one of the threo 0.250- inch s p--^ c i i.:e ns t - s t e d with the 
l/2-inch pin. In all other tests, values of only ulti- 
mate bf^aring strength were obtained, 

RESULTS Al^ID DISCUSSIOH 



Tables II and III suiu.aarize the bearing yi<=^ld and 
ultimate strengths obtaine;"^. The values of be.^ring yi-lr' 
strength given were s-^lected froiu the hole-r ^f or^.at i on 
curves in figures 2 to 13 as th^- stresses corresponding 
to an offset^of 2 percent of the hole fUri;,eter fro..: the 
initial straight-line portion of the curves. It should 
"be emphasized thet no definite criterion has ever been 
established for selecting bearing yield strengths and 
that thp 2 percr^nt offset ..lOthod us^-c^ herein is quite 
arbitrary. 

Although th^ data given in tacl^ II for the t^sts 
with the l/2-inch pin inrUcate soi.^e small inconsistencies 
regarding the influence of '^dge distance upon ultimate 
bearing strengths, it appears that for tho proportions 
investigated there wfs no particular advantage in using 
edge distances greater than ti^ice the c^iaueter of the pin. 
In fact, for a number of the tests of the 0.064-inch sheet, 
there was no significant increase in ultimate bearing 
strength for edgp -distances greater than 1.5 diameters. 
The behavior in th^^ case of the 0.064-inch .::aterial, in 
which failure involved to some extent the buckling resist- 
ance of the sheet abovn the pin, was typical of that found 
in aluminum when comparable ratios of pin diameter to 
sheet thickness are used. The fact that the 0.125-inch anr"" 
0.250-inch sheet tested with the l/2-inch pin did not show 
an appreciable gain in ultimate strength for eO^e r^stances 
greater than twice the pin dia..:eter, as generally found in 
aluminum, may apparently be attributec'' to th^- distinctly 
different type of action obtained. Bearing failures in 
these tests were characterized by a crumbling or shearing 
of the material al^ove the pin rather than by an upsetting 
action which, of- course, results in increased effective 
bearing areas and high values of ultimate bearing strength. 

The results of the tests with the l/4-inch pin given 
in tahle III 1 i ke w i s e ' s how no appr-ciabl- gain in ultimate 
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"bpprinf^ strength for edge c'istances greater than twice 
the pin r'. iaiiie t e r . The important comparison to te made 
"between these data ann those given in tahle II concerns 
the effect of pin cMameter upon ultimate "bearing strengths. 
For an e d fe distance of 2 diameters in the 0,06 4— inch 
sheet, the strengths obtained with the l/4— inch pin ranged 
froi.; approximately 8000 to 16,000 pounds p'^r square inch 
higher than those obtained with the l/2— inch pin. The 
r'ifferences between the strengths obtained with the two 
sizes of pin in the 0.125-inch shept were not so marked, 
although the values for the l/4— inch pin were, with one 
exception, higher. The l/S— inch pin was the only size 
used in the 0.250— inch sheet; but the ultimate strengths 
obtained in these tests were in fair agreement with 
those obtained with the l/4-inch pin in the 0.125-inch 
sh--r^t, for which the ra.tio of pin diameter to thickness 
wa.s th^ same. Th*^ agreement between the latter test 
results also indicates that the ratio of specimen width 
to pin diameter, v/hich was 8 in the case of the l/4— inch 
pin an(^ 4.5 in the case ^f the l/2— inch pin, was appar- 
ently not a significant factor in these tests. 

Figures 14 to 16 shew typical bearing failures 
obtained for rifferent er'gp <'Mstances in the tests v/ith 
the 1/2— inch pin. In. general, the failures shown indi- 
cate a more brittle action than is commonly found in sim- 
ilar tests of aluminum— all oy sheet. The relatively lov; 
elongation values given in table I for the — H and — E. tem- 
pers arr- consist^^nt v/ith this difference in behavior. 

The bearing yield strengths given in table III, 
which correspond to the stresses producing a permanent 
set of 2 percent in th--^ original diameter of the hole, 
show considerably less chang--^ with increases in edge dis- 
tance beyond 1.5 pin diameters than do the ultimate bear- 
ing strengths. This behavior is typical of that found in 
th''^ aluminum alloys and is understandable sinc^ first 
yi'-lding in bearing appears to b^ a local ph'^nomenon and, 
as such, should "be relatively independ^^nt of f^dge dis — 
tancf^-s and oth^r sp'^cim^^-n proportions. For this reason 
it is assumed that the yield-strength values, which were 
d'- 1 pr min*=^ d for thp most part from th^ tests of the I/4— inch 
pin, are r ^-^pr ps ent at i for th^- materials used. In the 
tnsts of the materials in thp — R tempers, which provide 
th"^ only cas^^s in \\^hich comparisons may b^ made, the yi^ld 
strengths obtained for 0.125— inch material tested with 
the 1/4— inch pin averaged about 8 percent higher than those 
found for the 0,250— inch material tested with the l/2— inch 
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pin. Part of this r". if f er<^- nc-'^ , howPV(=r, nay be avt t r itut e r" 
to r- r if f pr •'^ ncf^ in the strengths of the two thicknesses of 
sheet as shewn in tatlr- I, 

Althou^-rh the r^^sults c';iven in tables II and III show 
definitely the effect of certain specinen proportions 
upon b'^aring yield and ultimate strengths, significant 
'-^ if f erencns between the bearin^: characteristics of differ- 
ent alloys and t'=^!:ipers of sheet are not «so evident. Tpble 
IV f:ives avera^:e ratios of b^arin^; yi'=^ld and. ultimate 
stren^rth to tensile stren^rth in an effort to 'Eliminate as 
f?r as possible the r;ffect of • d if f erenpe s and irref:ulari — 
tif^s in the properties of the uavterial tested and to re — 
ruc'^ all -'ata to a common basis for couparison. Aside 
fronx the effects of specimen proportions already consid- 
ered, hov/ever , these ratios do not appear to indicate any 
consistent relationships between the bearing properties 
jf r^iffer<^nt alloys jt t<^-:-ipers. Suall differences uiay 
undoubtedly bp at t r ibut --^ to variations which are recog- 
nize'-"' as inherent in the bearing: test. Until i-iore dtata 
a.re available, therefore, it is believed that the ratios 
in table IV should be subjected to a. very ^:en^-ral and con- 
servative^ interpr'-^tation. 

Table V suuiiVxar i z e s the ratios, of bearing yi^ld and 
ulti:..ate strength to . tensile strength selected from these 
tests as a basis for predicting nouiinal bearing values for 
other lots of these same amgnesium alloys. Typical bear- 
ing values, or representative minimum values such as are 
used in aircraft desirrn presumably may be obtained by mul- 
tiplying the .ratios in table V.by typical or minimum values 
of tensile strength. 



CO''CLUS ICITS 



. . The results of these tests of. Aii-SS , .AU-52S , and - 
All— C57S magnes iu:.:— alloy sheet in various thicknesses and 
te...pers justify the following general conclusions regarding 
bearing?: st.rengths: 

1. Thp tensile properties of the 0,064— inch sheet 
investigated in th^ —0 and — K t-i.ipers compare quite favor- 
ably with the typical values given for these materials in 
reference' 4. The bearing values obtained for this material, 
therefore, are believed to be representative for commercial 
sheet of the ki-nd used. 
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3. The tensile properties of the 0.125-inch and 
0. 25 0— inch sheet in the " as— h ot — r ol le d " or —it ter.ip'^r wf^re 
not in all cases "between those for thp —0 anr — H te::.pprs, 
as is g-n^rally assur.ied, Althou^:h this irregularity 
protatly had little f^ffect upon t*"^ ar in^:;-s tr '^ngt h charac- 
tr^ristics, additional tfsts of more noriual "— mat^^rial 
may "b^^ desiral'le, 

3. Ultiuate bearing str^^ngths increase r with ed.f.e 
distance for values of edge (-"listance up to 1,5 to 2 times 
the diam-^ter of t h- pin. For greater edge distances 
thero was no appreciable gain in strength in most c?ses. 

4. Ultimate bearing strengths are a function of ra- 
tios of pin diametf=^r to sheet thickness as w.-^ll as edgn 
distance. Strengths obtain^-d in the tests of the 0.064- 
inch sher-t with l/ 4— i nc h— f-' i ame t e r pin (rati^ of pin diam- 
eter to sheet thickness = 4) at an edge distance of 2 
diameters were froh; 8000 to 16^000 pounds per s.quare inch 
higher than found using a l/2 inch— iame t er pin (rrtio 

of .pin diam. to sheet thickness = 8) at the samp edge cMs— 
tance. The effect of ratios cf pin diameter to sheet thick- 
n^^ss v/as njt so pronounced for ratios of 4 or less. 

5. ^ or s pe c i i-';-'^ n s h-ving a ratio of pin diameter to 
sheet thickness of 8, bearing failur-s for Pi-'ige distances 
of 1.5 diameters or greater wer r- . p cc o::.panie d by local 
buckling of th^^ she^^-t above thp pin — a typp cf action 
sim.ilar to that found in tests '^f r-luminu:.!. For ratios 
of pin diamr^tf^r to sh^pt thickness of 4 or. less, however, 
failur-s for ^dgp r'istances of 2 diameters or greater wer*^ 
characterized by a shearing: or crumbling of the material 
above the pin ra.ther than by an upsetting action, as 
generally found in aluminum. 

6. Bearing yield strengths, selected as the stresses 
c or r e sp onr^ iner to an arbitrarily selecte^-i perm.an^nt set of 
2 percent in thp original h^l^ diameter, increr^s^d only 
slightly for edge r'istances greater than 1.5 times the 
diameter of th^ pin. Although most of th:^ determinations 
of bearing yield strength w^re made from t^sts ivith a l/4— 
inch— diameter pin, it seems reasonable .to assum- that this 
property of th^ :-:aterial is not sensitive to ratios of 

pin diameter to sheet thickness. 

7. Ratios of average br-aring yield and ultimate 
strength to tensile strength for all tests are summarized 
in table IV. Th- ratios selected arbitrarily from this 
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tat'le as provic'in.f: an n ppr o x i nat e "but conservative "bps is 
for preri.icting noninal "bnarin^r values for other lots of 
thes^- sa.::i^ ma t e r i als ar e givpn in tatlo V. 



Alui-iinum Research La"tD or at -:>r i e s , 

Aluiiiinura Company of America, 

llew Kensington, Penna., Fptruary 1, 1943. 
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Alloy and 
t emper 



AM-3S-0 



AM-52S-0 



AM-C57S-0 



AM-3S-H 



AM-52S-H 



AM-C57S-H 



TABLE I.- MECHANICAL PROPERTIES OF MAGNESIUM-ALLOY SHEET^ 
[shear strengths obtained by punching test; dia m. of punch, 2.735 in.-, diam. of blank, 2.750 
Normal to direction of rolling 



Nominal 
thick- 
ness 
(in.) 



0.064 



Average 



0.064 



Average 



0.064 



Average 



0.064 



Average 



0.064 



Average 



0.064 



Average 



Tensile 
strength 
(lb/ 
sq in. ) 



32,000 
31,000 



31,500 



38 , 800 
38,900 



38,850 



41,000 
42,200 



41,600 



34,900 
34 , 700 



34,800 



50,600 
51,200 



50,900 



48 ,'000 
53,100 



50,550 



Tensile 

yield 
strength 
(offset = 
0.2 percent) 
(Ib/sq in. ) 



15,800 
15,800 



15,800 



25,800 
25,900 



25,850 



26 , 500 
26,600 



26,550 



25,900 
25 ,-600 



•25,750 



40,000 
40,400 



40,200 



36,800 
40,400 



38,600 



Elongation 

in 2 in. 
(percent) 



20.5 
18.5 



19.5 



22.0 
17.0 



19.5 



^10.5 
16.0 



•16.0 



14.5 
12.5 



13.5 



8.5 
9.5 



9.0 



7.0 
8.5 



7.8 



Con,pressive 
yield 

strength^ 
(offset=0.2 

percent) 
(Ib/sq in.) 



14,600 



14,600 



16,800 



16,800 



21,000 



21,000 
36,000 



36 , 000 



•31,000 



31,000 



in.] 



Parallel to direction of rolling 



Tensile 
strength 
(lb/ 
80 in. ) 



33,100 
32,600 
^32,400 
32,700 



37,600 
37,600 
^36,800 
37,3-30 



40 , 300 
41,400 
C41,200 
40,970 



37,000 
36 , 000 
'37,600 
36,870 



45,600 
45,900 
C47,300 
46,270 



44", 600 
45,500 
^46,300 
45,500 



Tensile 

yield 
strength 
(offset=0.2 

percent) 
( Ib/sq in. ) 



18,100 
18,300 
^19,100 
18 , 500 



23,000 
22,900 
^20,800 
22,200 



22 , 700 
23,000 
^22,000 
22,570 



32,400 
31,900 
C33,400 
32,570 



38 , 100 
37,600 
c 38, 600 
38,170 



35,200 
38 , 600 
C38,200 
37,300 



Elongation 

in 2 in. 
(percent) 



18.5 
18.5 
20.0 
19.0 



22.0 
^19.0 
20.8 
21.4 



-^11.0 
17.5 
19.5 
18.5 



6.0 
5.0 
3.0 
4.7 



4.0 
4.5 
3.3 
3.9 



6.0 
2.0 
2.0 
3.3 



Compressive 

yield 
strength'^ 
(off8et=0.2 

percent) 
(Ib/sq in.) 



23,000 



23,000 



30,600 



30 , 600 



26,400 



26 , 400 



Sheajr 
strength 
(lb/so in.) 



^18,800 
18,800 



°21,100 
21,100 



C20,200 
20,200 



C19,000 
19 , 000 



C22,800 
22,800 



^22,700 
22, 700 



AM-3S-R 
AM-52S-R 

AM-C57S-R 



0.125 
.125 
Average 



39 , 500 
39 , 500 
39,500 



28,100 
27,600 
27,600 



8.5 
16.0 
16.0 



27,800 
17,600 
17,600 



38,100 

39 , 500 
c 39, 500 
39,500 



26 , 300 

27,6 00 

C2&,000 
26 , 800 



5.0 

15.0 
15.3 
.15.2 



0.125 



42,400 



27,100 



14.0 



18,300 



41 , 700 



26 , 200 



12.0 



AM-3S-R 

AM-52S-R 

AM-C57S-R 



0.250 
.250 
.250 



38,300 
38 , 700 
41,800 



27,600 
25,100 
26,800 



11.5 
16.0 
12.5 



16,200 
16 , 400 



a^Standard tension test specimens for sheet metals 
see reference 2. 



35,600 
39 , 200 
41,500 



28 , 500 
27,900 
26 , 000 



8.0 
14.5 
11.0 



22,800 
17,600 
17,600 



18,000 



22,800 
16 , 200 
16,800 



see fig. 2 of reference 1. Single-thickness compression specimens 

^!Jo^Jo^^n^ jL'^r^r^^^I^^^fi^ strength are missing failure occurred before the reauired strain was obtained. 
CAverage for two tests. All other results for single tests. 
^Broke through defect. Values of elongation omitted from average. 
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[ill values are averar^cs of two tests parallel to direction of rolling. 
S^^ecirnens 2-^- in. vride, loaded through steel pin l/2 in. in di^-uii.] 



Alloy pjia. 
temper 


■ ■ 

NoiTiinal 
thiclcness 
\ -^n . ; 


IIltir..ate bearing strengths for different ed,=;e 
distn.nces in terms of pin di-a-'neter D 
(ib/sq in.) 




ID 


1.5D 


2D 


3D 


4D 


;j'.:-3S-o 
ij;-52s-o 


0.064 

.064 
.054 


30 , 000 
34,900 
35,900 


40,700 
50, £00 
54,800 


45 , 300 
54,000 
52,000 


42,000 
54,100 
56,500 


44,000 
53,600 
54,200 


AII-3S-E 


0.064 
.064 
.064- 


33.300 

43,100 
4l,lG0 


50,400 
62,900 
63,600 


51,400 
63,900 

64,300 


57,600 
60,900 
62,300 


49,600 
60, 400 
62,400 


M-52S-H 


0.125 
.125 

.125 


35,900 
34,600 
35,500 


55,900 
53,800 

54, SOO 


64,900 
64,200 
66,000 


59 , 600 
65,400 
69,700 


53,700 
64,600 
6g,300 


J^I-3S-H 

iii'i-52S-R 

AI-'-C')7S-H 


0.250 
.250 
.250 


35 , SOO 
■'54,200 
33,500 


56,100 
53,000 
54,100 


64,200 
64,600 
62,800 


63,500 
69 , 4oo 
64,700 

- .. , . i 


64,100 
66,000 
70,600 



TASLE v.- TEITTATIVS RaTICS OF 3E;jIIH& ULTII-IATS JJE) YIELD STEEiTC-TH TO 
TENSIL:':; STISiTGTE Si::LlGTED PROM TJiSLE IV AS A BASIS FOR PEEDICTIiI& 
IjOMIiUJ, 3E;JIIITC- V:-LUSS EOR AM-3S, AI^I-52S, Al'ID AI^-CPi7S KAGlJESIUlvI- 
.'iLOY SHEET 



Temper 


Bearing 
yield 
strength 


Bearing ultiiiiate strength/ Tensile strength 


Fin diam. 


Pm aiam. > 


Tensile 
strength 


Sheet thickness" 


, . , _ 4 or less 
bheet tnicloacBs 


Edge distance 
= I.5D 


Edge distance 
= 2D or more 


-0 


0.9 
1.0 
1.1 


1.3 

1.3 


1.4 
1.4 
1.5 


1.6 
1.6 
1.6 
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TABLE III.- BEARING STRENGTHS OF MAGNESIUM- ALLOY SHEET 

[Specimens of 0.064 and 0.125-in. sheet were 2 in. wide, loaded through steel 
pin 1/4 in. in diarneter. Specimens of 0.250-in. sheet were 2>4in. wide, load- 
ed through steel pin 1/2 in. in diameter. All tests were parallel to the di- 
rection of rolling^ 





Nominal 
thick- 




Bearing strengths 
(Ib/sq in.) 


Alloy suid 


Specimen 


Edge distance=1.5D 


Edge dietance=2D 


Edge distance=4D 


temper 


ness 
(in.) 




Ultimate 


Yielda 


Ultimate 


Yield^- 


Ultimate 


Yield^ 


AM-3S-0 


0.064 


1 
2 

•7 
O 


45,800 
45,800 
44,100 


25,200 
26 , 400 
27,200 


50,900 
54,900 
54,600 


27,400 
27,600 
29,000 


56,000 
56,800 
56,000 


32,800 
31,200 
28 , 400 






Average 


45,200 


26 , 300 


53,500 


28,000 


56 , 300 


30,800 


AM-52S-0 


.064 


1 
2 

3 


55,000 
54,900 
55,800 


33,600 
33,400 
34,200 


66,900 
66,600 
66 , 300 


36,000 
35,200 
35,600 


67,700 
67,500 
70,000 


41,600 
40,000 
40,400 






A V ^.^ X w 


55,200 


33,700 


66,600 


35,600 


68,400 


40,700 


AM-C57S-0 


.064 


1 

2 

3 


54,200 
54,600 
54,900 


36,600 
39,600 
39,000 


67,500 
67, 500 
68,700 


36,400 
39,600 
37,600 


66,800 
69,000 
69,200 


43,200 
44,000 
43,600 






Average 


54,600 


38 , 400 


67,900 


37,900 


68,300 


43,600 


AM— Ob— n 




1 

2 
3 


55,600 
OO , bUU 
55,800 


40 , 400 
38 , 800 
38 , 000 


• 59,600 
59 , 800 
59,700 


38,800 
38 , 500 
41,000 


59,900 
bO, 000 
60,000 


40,300 

41 , 000 

40,800 






Averacfe 


55,700 


39,100 


59 , 700 


39,400 


60,000 


40,700 


AM-52S-H 


.064 


1 
2 
3 


72,600 
• 71,600 • 
72,700 


54,400 
55,200 
55,200 


76 , 200 
76,600 
74,000 


57,900 
59,600 
58,200 


77,300 
78 , 500 
77,700 


59,800 
58 , 400 
58 , 200 






Average 


72,300 


54,900 


75,900 


58,600 


77,800 


58,800 


AM-C57S-H 


.064 


1 
2 
3 


70,800 
69,700 
67,700 


55,500 
54,000 
59 , 200 


74,200 
. .73,700 
69,900 


58 , 700 
57,500 
58,000 


77,300 
74,900 
70,900 


58,600 
64,200 
63,200 






Average 


69,400 


56 , 200 


72,600 


57,800 


74,400 


62,000 


AM-3S-R 


0.125 


1 


52,100 


42,000 


67,500 


41,700 


68,000 


42,500 


AM-52S-R 


.125 


1 

2 
3 


55,200 
b5, 500 
55,500 


• 40,000 
29,600 
43,000 


69,600 
69,800 
69,700 


38,700 
40,000 
40,000 


71,600 
67,800 
71,300 


41,800 
41,600 
40,700 






Average 


55,400 


40,900 


69,700 


39,600 


70,200 


41 , 400 


AM-C57S-R 


.125 


1 


57,500 


39 , 300 


70,700 


43,100 


76,300 


44 , 700 


AL4-3S-R • 


0.250 


1 


55,600 


38,200 


59 , 700 


39,800 


63,200 


41,800 


AM-52S-R 


.250 


1 


55,200 


37,500 


65,700 


33,600 


65,600 


37,700 


AM-C57S-R 


.250 


1 


55,200 


38 , 400 


68,000 


40,000 


71,600 


41 , 200 



^Stress correspondirig 'to offset of 2 percent of hole diameter from initial 
straight-line portion of curves in figs. 2 to 13 (O.OOS-in. offset for 
l/4-in. pin, 0.010-in. offset for l/2-in. pin). 



TABLE IV.- EATIOS 01 BSARIIia ULTIliiiTE A!TD YIELD STREITOTHS TO TEITSILS STTIEITGTH EOS MACKISSIUII-ALLOY SHEET ^ 

lo 



Alloy raid 
temper 



XIoininaJL 
thiclmess 
(in.) 



Edge distmice = I.5E 



Bearing ultimate 
strength 



Tensile stren^irth 



1/2-in. 

^oin 



1/4-in. 

■oin 



Tensile 
stren^^th 



-n"^arin^ 
yield 
streng:;th^^ 



Ed^e distance 



Bearing ultimate 
3trcn.2:th 



Tensil e stren/^:th 



1/2-in. 

•pin 



l/U^in. 

pin 



Bearing 

yield 
stren^rth'*^ 



Tensile 
strcn;9:th 



Edge distr- nee ~ UE 



Bearing ultim.ate 

strength 
Tensile strength 



1/2-in. 

"oii'i 



1/4- in. 

pin 



Bearing 
yield 
strengthO- 



Tensile 
stren^rtH 



o 

o 
o 

O 



o 



o 



00 

to 



/j.{_3S-c 


O.Obh 




.06'4 


/JI-C57S-0 


.Obi+ 




Q.Ook 




.OSk 


M-C57S-h 


.065+ 


AI'i-3S-,H 


0.125 


iU;4-52S-R 


.125 


iil'I-C57S-R 


.125 


iJ'i_3S-E. 


0.250 


AM-52S-R 


.250 


Ai'I-C57S-S. 


.250 



1.2^ 
1.36 

1.36 
1.36 
l.UO 

1.^47 
1.36 
1.31 

i.5i 
1.37 
1.31 



1.3s 

iM 

1.51 
1.36 
1.52 

1.37 
l.Uc 

1.3s 



0.20 
.90 

1.06 

1.19 

1.23 

1.10 
l.OU 

.9^ 



1.07 

.92 



1.3s 
I.U5 
1.27 

1.39 
i.3g 
l.Ul 



1.70 
1.63 
1.5s 

1.76 
1.66 
1.55 



.7S 
, fab 

.62 
.6U 
.60 



1.77 
1.76 

1.69 



O.Sd 

.95 
.92 



1.07 
i.27 
1.27 



1.09 
1.00 

1.03 



I 1.3i+ 

i iM 

1_.32 

I.3H 
1.31 

1.37 

1.5^ 

1.65+ 

1.6^ 



1.12 
.S6 



.So 



1.72 

1..33 
1.67 

1.63 

l.og 
1.63 

1.78 
1.73 
I.S3 



0.3k 
1.09 
1.06 

1.10 
1.27 

io5 

1.11 
1.05 
1.07 



1.79 
l.bS 
1.71 



.17 
.96 
.99 



""Yield strengths determined from tests v;ith l/U-in. pin for 0.06U-in. and 0.125-in. siiect; with l/2-in. 
pin for 0.250-i-a. sheet. 
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APPENDIX A 



Under some conditions AM~C57S— PI and AM— C57S— 0 sheet 
are susceptiole to stress— corros ion cracking. If the 
sheet is exposed to a corrosive nedium under conditions 
in which the exposed surfaces are su*bjected to steady 
tensile stresses greater than about one-quarter of tJie 
yield strength, fracture of the material may occur in a 
time short enough to render the part structurally un- 
satisfactory. Protection of the sheet "by painting v/ill 
prolong its life "but will not entirely prevent cracking 
where conditions are severe. 

Pligh steady residual tensile stresses left "by vreld— 
ing, severe cold— forming operations, or faulty assembly 
of misalined parts appear to "be the most serious in pro- 
ducing stress— corrosion cracking. The lov/er stresses 
produced "by normal service loads, particularly "by inter- 
mittent service loadings, do not appear to have any ap- 
preciable influence on the occurrence of s t r e s s— corr o s i on 
cracking, especially where the corrosive conditions are 
not severe. Therefore, alloy AM— C57S will probably be 
entirely sat isf a.ct or y for applications where "locked— up" 
stresses are not present or are held to a value less than 
about one--quarter of the yield strength. Experience has 
shown tha^t this alloy has been satisfactory in many ap- 
plications. 

Although the susceptibility to s t r es s— c or r o s i on 
cracking is present in Ai'I52S and AM— C52S sheet, these 
alloys a,r e definitely less susceptible than AM— C57S 
sheet. iTo tendency tov/ard s t r e s s— c orr o s i on cracking has 
been found in AM3S alloy. 
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Fig-. 1 




Figure 1.- Arrangement for bearing tests with filar micrometer 

microscope for measurement of hole elongation. 
The specimen was illuminated from both sides, but the front 
light is not shown. 
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56,000- 




1^,004^ Hole elongation^ in. 

(a) Edge distance, 4D. (b) Edge distance, 2D. (c) Edge distance, 1.5D. 

Figure 2.- Bearing stress against hole elongation for A]^/:-5S-0 magnesium- alloy sheet. 



Pin diameter, 1/4 inch; sheet thickness, 0.064 inch; specimen width, 
2 inches. 



64,000 



56,000- 




*-.00A^ Hole elongation, in. 

(a) Edge distance, 4D. (b) Edge distance, 2D. (c) Edge distance, 1.5D. 

Figure 3,- Bearing stress against hole elongation for AM-52S-0 magnesium-alloy sheet. 
Pin diameter, 1/4 inchj sheet thickness, 0.064 inch; specimen width, 

2 inchesc 
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Figs. 4,5 



-4J 



24,000 



S 16,000 

CP ' 



8,000 




1^.004^ Hole elongation, in. 
(a) Edge distance, 4D. (b) Edge distance, 2D. 



(c) Edge distance, 1.5D. 



Figure 4.- Bearing stress against hole elongation for AM-C57S-0 magnesium- alloy sheet. 
Pin diameter, 1/4 inch; sheet thickness, 0.064 inch; specimen width, 

2 inches. 
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I*". 004^ Hole elongation, in. 

(a) Edge distance, 4Do (b) Edge distance, 2D. 



(c) Edge distance, 1,5D. 



Figure 5.- Bearing stress against hole elongation for AM-,'^S-H magnesium-alloy sheet. 
Pin diameter, 1/4 inch; sheet thickness, 0.064 inch; specimen width, 

2 inches. 
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Hole elongation, in, 

(a) Edge distance, 4D. (b) Edge distance, 2D. (c) Edge ' distance , 1.5D. 

Figure 6.- Bearing stress against hole elongation for AM-52S-H magnesium -alloy sheet. 
Pin diameter, 1/4 inch; sheet thickness, 0.064 inch; specimen width, 

2 inches. 




|<-.004-3j Hole elongation, in. 

(a) Edge distance, 4D. (b) Edge distance, 2D. 



(c) Edge distance, 1,5D. 



Figure 7.- Bearing stress against hole elongation for AM-C57S-H magnesium- a Hoy sheet. 
Pin diameter, 1/4 inch; sheet thickness, 0.064 inch; specimen width, 

2 inches. 
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Hole elongation, in. 



Figs. 8,9 
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(a) Edge distance, 4D. 



(b) Fdf:e distance, 2D. 



(c) Edge distance, 1.5D. 



Figure 8.- Bearing stress ^^gainst hole elongation for magnesium-alloy sheet. 

Pin diameter, 1/4 inch; sheet thickness, 0.125 inch; specimen width, 

2 inches. 




[^^o004^ Hole elongation, in. 

(a) Edge distance, 4D. (b) Edre distance, 2D. (c) Edge . distance , 1.5D. 

Figure 9.- Bearing stress against hole elongation for AA1-52S-R magnesium-alloy sheet. 
Pin diameter, 1/4 inch; sheet thickness, 0.125 inch; specimen width, 

2 inches. 
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Figs. 10,11' 



56,000 
48,000 



• tH 



cd 

PQ 



,00( 



I 1 — 


L 












7 


> 


/ 

i 
















; 7— 

i- 






























/ 






















1 





















-H 




















































1 














/ 






-A 

































I 














I 






/ 










i 






















I 






























i- 




















j 

1 


/ 
















/ 


































I 
































/ 


















































4 




















































i 






















4- 


































































i 






































1 




























\ 
































































































































1 (s 












< 




(b) 














(c) 























|«-.004^ Hole elongation, in. 

(a) Edge distance, 4D. (b) Edge distance, 2D. (c) Edge distance, 1.5D. 

Figure 10.- Bearing stress against hole elongation for AII/1-C57S-R magnesium -alloy 
sheet. Pin diameter, 1/4 inch; sheet thickness, 0.125 inch; specimen 
width, 2 inches. 



64,000 



56,000 




(a) Edge distance, 4D. 



(b) Edge distance, 2D. 



(c) Edge distance, 1.5D. 



Figure 11.- Bearing stress against hole elongation for AM-3S-R magnesium- alloy sheeto 

Pin diameter, 1/2 inch; sheet thickness, 0.250 inch; specimen width, 
2-1/4 inches. 
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Figs. 12,13 




Hole elonr^ation, in. 

(a) Edge distance, 4D. (b) Edre distance, 2D. (c) Edge distance, l.bD. 

Figure 12.- Bearing stress against hole elongation for AM-52S-R magnesium-alloy sheeto 

Pin diameter, 1/2 inch; sheet thickness, 0.250 inch; specimen width, 
2-1/4 inches. 



64,000 




h.004^ Hole elongation, in. 

(a) Edge distance, 4D. (b) Edge distance, 2Do 



(c) Edge distance, 1.5D. 



Figure 13o- Bearing stress against hole elongation for AM-C57S-R magnesium- alloy sheet. 

Pin diameter, 1/2 inch; sheet thickness, 0.250 inch; specimen width, 
2-1/4 inches. « 




t = 0.064 in. t = 0.125 in. t = 0.250 in. 

Figure 14.- Typical failures for edge distance of ID. 
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